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INIRQOQUCTION © 


Every Fortran Slanguage program has a base register and a tamit 
register. The area between the addresses in these registers is 
used as data space cnty. Code segments are stored by the MCP at 


any avaitable memory tocation. The data spate inctudes a 
non-overlayable area» which contains the evaluation stack» and 
another area containing overtayable data. The overtlayabte area 


may Contain more than one data segment. 


| Various parameters required by the MCP and interpreter are stored 
— beyond the Limit register in the run Structure nucleus. 


A typical fortran program tayout in memory is shown in Figure 
1s | 
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The foltowing de finitions and abbreviations are used throughout | 
. this specification: | _ 


A 36°cit $word tn the stack | 


containing the | 1WWe-bit 
base-relative vatue o f the 
previous return controi register, 
concatenated | with | the 
basecretative v ai ue of the 


previous mark~-stack register. | 


Contains the stack address of the 


tatest MSW on the stacke 


Refers to logical entities on the 
stack. An item consists of one 
or two words and has a type 


(@egen address» integers real or. 


double precision) associated with — 


it. 


Points to the next instruct ion to 
be executed. 


Contains the segment | and 
displacement of the instruction 
fotlowing the current subprogranm 
cali. The vatue is a 10-bit 
segment number concatenated with 
an L8-bit displacement. These 28 | 
bits are right* peroeres tn. the. 
26°C It worde : 2 


Points. to the stack $word. 


containing the motes RCW. 


pdphesents the item most recently 
placed on the stack. | 


Represents | ‘the second. most 
recently piasee item. 7 


Is 36 bits tong and has | no 


intrinsic "logical" meanings =~ 


ne Soe ae 
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‘PRIVILEGED INSTRUCTIONS 


| The following S-instructions are pr iviteged and may be generated 

—.. amty by an 1/0 compiter. They are intended for use in uriting © 
instrinsics. Data input to them is not necessarily checked for 
waliditys it is the Fortran programmer *s responsibility to give. 


valid i 


COMM 
CSRP 
LDS 
LOCR 
LODB. 
QD5 
QSSW 
STC 
STOP 
WID 
XTRF 


Rane eee 
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PROGRAM PARAMETERS 


Parameters unique tc Fortran program execution are to be found in 
the scratchpad area in the run structure nucteus. They are 


 tisted tin fable emt. 


Parameter — Significance. 

Stack Stze Original size werowed: for stack 
Stack Length , | Current remaining stack length 

Stack Address | Current stack address 

Mark-Stack Register — Address of tatest MSW 

Return Control Register Address of tatest RCW 


Table 2-1: Unique Fortran Parameters. 


EQRTRAN ADDRESSING 


Addressing breaks down into three basic types =~ code segmentse 
data segments and a Stack “- with items in the stack being codes — 


data or addresses. 


— Address references to the stack may be: 


Imotied | Generatty TOS and TOS"1 (COeger ADD» SUBTRACT). 


Direct Positivé or negatives relative to the ROW Cthis 
oe : type appears in the code) or baserretative (this 
type appears in the stack itself and refers to 

items in the stack). OO _ 7 #2 


ok reference to a data Ségnent address. consists ‘of a base and. a 


displacement. The base ts an index into the data dictionary es 


- tocates the segment containing the desired data. The 


eusPcecemene is a werd index into the segnent.s 


If a reference to a code segment address is in a segment. other 


than that containing the desired code ‘segment » the address is a 


base and a disptacements the base is an index into the code 
dictionary and the displacement is the bit location retative to 
the beginning of the segment. If the reference is to the same | 
segment which contains the references the address is. the: 


displacement from the beginning of the segment. 


PERU eis oe PES Peers evisks Sa 


SEE SCE CEG ERE ES 
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Code and data segment references use the MCP*s virtual nemory — 
management to place the segments in memory. The dictionaries | 
record the memory address of each segment. : 


kKaRRAKaARK Rea KKK Kk 


t L * 
CHRKKEKKRAKAKEK ERE HK & BASE 
« | £\ 
KRHEAEKAKRKEKREKKKREHKKEH \ 
ger>e STACK VALUE * VN 
i RHEKERKKAKRKKKE KKK ne 
a | tw fF  STacK | 
{ KKREKKKRKARAERKKKAR EKER EK 4 | 
Ree eKR EEE fo--« STACK ADDRESS « &/ 
trek ahhh | hkkehkhktkkkkekekek te / 
*SEGMENT* ~ 4 * 
mem > KADDRE S$ ae eee enw nm meee Kekkh Reiki KN 
1 thkkeeekae * : | «® \ 
1 keke kha th at J ra mam mm enerdkkkkkkaekkkikhh kkk & \ DATA 
1 { * DATA ITEM * (> SEGMENT 
1 | q ; RREKREKRAAKKK EK KRKKEE / 
<BA SE DISPLACEMENT> * | | « f 
{ | ao : kekktkkkk&katkakarat ate t f 
f kketekeee f ee | - | & | 
4 csk#ekehakt " eke kakee kee ee ee eee LIMIT 
P-->eSEGMENT#ectaeen = | * ; 
— «wADDRESS*® 1 i * . S . *# 
kkkkkke hh t 4 I * oo | 
tek ekaaae tk { pom mak teee eee eek tN CODE 


[<e2 482" 2 >« S“CODE | * > SEGMENT 
| | SS Paee LS RAE RSS a 
x _ ft 
AHKRAEEERHRRE RK RRS 


Figure 21: Addressing Methods 


Fort TRAN STACK 


The Fortran S-machine inctudes one evatuation stack» which jis 
used for expression evaluation» subroutine linkage and subr out ine 


parameter passing. 


The stack is in static memory but does not necessarity begin at 
the base register. It grows “up” from the base register end of | 


Renoey toward the Limit register end of neaory- 


SB ee Pt SR = Pee Bick ee eS SN eee ee SS tes gts sees et tg Dee Pee ete fees ge) cer ces ign nees eerie ites eseoe arm ee hy eine 
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Each word of the stack is 36 bits dong. Entries on the stack may | 
fe ane word tong Ceeges integer and reat vatues or simpte | 
addresses) or two words (Ceeg.ee array addresses or dourple | 
- prectston vatues). Double-word items are pushed to the stack by 
_ first pushing the towrorder 36"t it word foltowed by the 
Aighrorder 36-bit word: this insures that the top word of the 


Stack item contains the type bits which indicate whether a second 
word 45 on the stack for that item. | 7 


An important consequence of this arrangement is that double-word 


dtems appear to be backwards in memory. This 1s important when 
reading Fortran dumps produced by the dump analyzer. For 


examples if the integer 3 is pushed onto the stack» foltltowed by 
the double precision 1.D#¢0» then by 12Ce they would togicattly 


appear in the stack as? 


TOS 501800009 (raat 1.0) 

TOS-1 3 301800009 (upper pits of double precision value) — 
—TOS<2, 000900000 (lower bits of double precisien value) 
TOS73 900000003 {integer 3) | a 


Howevers a hexadeciwal memory dump would show these tn the stack 
ass | | | : 


000000003 000600000 001800009 501800000 


Note that the high-order bit oO f the double precision vatue 
apppears tn memory to ce adjacent to the lowmcrder tit of the — 


SUBROUTINE LINKAGE 


In addition to the stack being used for expression evaluations it 


is atso used for parameter passing and sutprogran tinkage > 


information. Invoking a subprogram is 4 four-part process! 


1. Push a mark-stack word (MSW) onto the stack. 
2- Load parameters to the stack. 
$3. Push a return controt word (RCW) to the stack. 


he Transfer to the new location. 


vias 


ere. 
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Two. registers are maintained in the S-machine to hetp a 


- subprogram to return to the program from which it was catted. 
 Onee the mark-stack register (MSR), is a pointer into the 
evaluation stack. - 7 


me points to the tocation of the mark-stack word (MSW) 


Cd2scribed below) and it points to the place to cut the stack 
back to when exiting from the current veeper es | | 


The other return control register (CRCR)» as a pointer into the 
evaluation stack where a return control word (RCW) is tocated. 


The code address in the PCW tetls where control shoutd transfer 
to when. este from the current subprograme 


Bene there are only one MSR and one RCP tn the S-machiner their 


contents must be saved on each call to a subprogram and restored. 
on each return from a suborogram. Their values are saved in the 
MSW» which contains two L8bit» basewrelative pointers. The teft 


half gs the previous RCR and the right hatf is the previous MSRe 


The return controd. register> in addition to pointing to an RCW» - 
also serves as a reference pointer in the stack. When a Fortran 


subprogram references a parameters the parameter is found by _ 


referencing a word in the stack» relative to the current ROR. 
The compilers when referencing a parameters witit set the. stack 


bit in the Sinstruction which causes the interpreter to 


reference the Nth word down from the current RCW toward the 
current MSW (N is found in the address fietd of the 


Stinstruction). In addition» the compiler can generate code to 


reference a data item that is N items “up” from the current RFCRe 


‘This is useful for local data items which need not be maintained 
over successive cails to the subprogram and for tempor ary seers 
of intermediate results when eNat tat ag expressions. 


PARAMETER PASSING 


Parameters may be passed bs vatue or by address. The value of a 


parameter is accessed directly or indirectly from the stack by. 


addressing a word relative to the RCR. When doading the vatue of | 
a parameter» the interpreter checks the type bits of the | 
designated stack iten. If the type bits indécate that the iten | 
fis a value (type bits += binary 10)>5 that value is toaded» with © 
type bits set according to the rutes for vatue loading. If the > 

type bits indicate that the stack item is an address (type bits = 


binary 10)» the data address is decoded» the data segment made 


present. cn peCe eset ya and the desired vatue loaded. — 
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«SLACK OVERFLOW-UNDERFLOW MANAGEMENT 


Tf stack overflow occurs» it will cause an abnormal termination. 


Since the compiter is assumed to generate correct codes stack | 
underflow cannot occurs therefore it is not checked. i ae 


ARRAY BOUNDS 


A Fortran array reference CALA» LA» ALV or CAD) wild contain a 


base address» ja minimum subscript and a maximum subscript. The | 


vatue found on the TOS witd be the actual supscript and will tbe 
checked to insure that it is greater than or equat to the minimum 
subscript and fess than or equal to the maximum subscript vatues 
gtven in the instruction. The mini@um and maximum subscripts 
will be L@-bit numbers in twos complement. The maximum number of 
array elements witt therefore be 2**17 - 1. : 


The base address wilt be adjusted ty the compiter (Cbinder) so 
that before baing adjusted ty the subscript at run times it may 
not Cand typicatly will not) reference data in the array. In 
particulars the subscript will be adjusted backwards by one to 
attow for the Fortran convention of arrays beginning at element 
one rather than zeroe Further variation may resutt§ from. 
optimizing array references of the form ACI*#C)» where C is some 
integer constant. The base address of the array will be eanestre’ 
by the coapiler to attow for the constant Ce | 


If a ‘subseript is real» it is truncated to an integer. 
If the type bits in the operator indicate double precision Ctype 


pits = binary Ll)» the subscript is doubted before teing used to 
amuse the hase addresss | 


SSE OD 


ee 7 
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FORMATS 


STACK EQRMAT 


Stack items can be S-code addresses» data addresses or vatues. 


With the exception of the mark-stack and return controt 


addresses» the first seven bits of a stack item have meanings as 
shown in Figure 3°L. 3 3 


1 om aenwnw am |-- onwas oo oa ae oe { own anon anna mnananaanane ae | re | 
{ stack | code ! data t array § stackwrelativa & es. & 
4d type t flag i type 1 ftag f fiag 4 4 


{rr rece | Dae tarial Getta lain eee re en ee ee seas | os 


0 1 2 3 P So 6 


PAGUGE 3-13 Stack [tem Prefix. 


The twoebit stack type flag is OC for an integer ere O1 bor a 
reat values 10 for an address or 11 for a double precision values 


The code flag is 1 only when the item is an S*code address. The 


tworbit data type fiag 45 meaning fut for values onty. The array. 
flag is 1 onty when the item is an array. “The stach=retative 
flag is meaningful for dats addresses onty. 


‘Address Formats — 


Address*generating cperators are LA» ALAse CAD? CSRP.» MKS» —SMKS» 


and CALL. The six types of addresses are simpte variable 


addresses» array item addresses» Stack*relative addresses» code 
addresses» mark=stack addresses and return controt addresses. 


Each address occupyies $& or 72 bits. With the exceptions of 
markwstack and return controt addresses» the first two bits are 


10 and the next five indicate code» tyaer . array and. 


~—6S$tacktretative values. 
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‘Simple Variable Aduress | 


tt tits 10 bits a cits 


f aS, | : oe Deere Peet Peres rt Peet rere rere ry) sa a aa ea 
i OP ES to 4 1 data i i 4 i to 4 
yo fF 10 9 0 ft type 10 4 O § not used i tase 1 jiesaacenent A 
. 7 1 elaateel | awaalocreanec= 4 wma foe a femme mon awe |{ se nnene | oe e2- ae sana 


od t 2 8 4 5 6 PF 17 160 «627 28 | te 85 


ACtay Address 


li brits. 10 bits 8 bits 


ee ee ee ne, ee ee est ween [oem mm aww owonn§ 


1 : 1 data ! j 4 i | i 
4110 3 09 4 type $1143 «9 *§€ not used t base 1 displacement i 


jrewe{oee] eee ee = jrrws ona foemna merce na| ar wonen j sen ne eamanwawwu i 


9-1 2 3 . &% S 6 F. + 17 18 27 28 | 553 
| is tits | | 18 bits | 7 
lore 8 2 ee or ne ey ee eet eee ea ee ge ee eee ee eee 

4 minimum bound i Maximum oound 4 

1 (see Array Sounds) 1 (see Arr ay Bounds) i 

J men en ns re en enn een cen wwe me nnn nn nese ee enen|t 


36 | | 53 54 ‘ae 71 


Stack-Relative Address 


5 bits | 2% bits 


joer] sided Retetetatadadt Ratatat Ketetedl Keketetehetedetetatel Ratebeltabatabetetetatats Sse 2 =] 
i { idata 1 4 ‘ 1 cit displacement { 
4 10 48°90 & type 104 «21 «tf not used $ from stack base 4 


ee Oe eer maa lonmannoewenmam | Sea SMR aenananananames q 


Qt 2 3 &4 5 6 7 11 12 a 35 
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- Code address 


10 bits 148 bits 
2 et ry rr 1 aman | sania mane | anaame | ane enon aenan | 
| i | { i 1 1 1 | f 
. §- 10 4 t 8 OO 'oito t not used |! base § displacement 1 


eked | oae i a «ojo-- cal | aaa |] onnnamanawe | oaonnna | cena meme -aae | 


oF. 2.3 4 5 6 7 8 17 18 | 35 


SHES Ts SUR IAESS Su ere ee EERE PEE 


Marks tack Address 


18 bits | 1B bits 


: Posnes Pre rere ese ars s ners se Sasa ese eeS eee ee seers | 
: | |) previous return © i orevious mark- stack ee i 
‘7 | A control register 4 words 4 


Retuen Control address 


1 bit . fi | 40 bits a 18 pits 


‘ Yn nnn ne fe ne me nnn fone meen ene n eee cneecneny 

| 1 - 4) previous i previous _ Ries 
1 unused a NIP 4 | NIP ee a a 
| 1 segment | 1 displacement a ei en oe 


{ meee see seennee nn} --=- eee nme nf ane Ae eemn mae nnemanaamanwe | : 


VALUE FORMATS 


Of the four types of vailue for tats. three can be found either on 
the stack or in a data segment. These three are integers reat 
and double precision. The fourth type» found only in data 
segments» is catied. "uninitiatized*. Bits 3 and 45 the data type 
field» are 00 for integer or togical variables» 91 for reat 
variables or itl for double precision rae is undefined). — : | 
\ fe eS 
Integers and the. fraction portion of nonintegers are. stored an 
_ sign-magnitude notation. Exponents are in “excess 256" notations 
that is» an exponent 15 positive by the amount that it is. greater - 
than 256 or negative by the amount that it is fess than 2564 For | 
examples an exponent of 259 becomes an “excess 256" exponent of | 
+3. The exponent is the power to which two is to be raised. The © 
-normatized fraction is a number less than one and greater than or | 
equal to 0.5» except in the case where a fraction equals zeroes 
The fraction part of alt nonzero floating point numbers must be 


RPE RCPSPRES EDP ROE Eee 


Ses 4 


oh 
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ae nor walizeds ‘ouhenuiser: the value is undefined. 


Negative nuabers are represented with a Sign pit of l» positive, 
with a sign bit of 7 Zero is represented by hes zeros a a 


the type fiedd. 


a exponent equat to zero and a nonzero “fr action (ea. ges NeeQ.2) 
Witt result in an exponent underfiows divide by zero» and/or 
undefined results as the result of an arithmetic operation. An 
exponent that is nonzero with a zero fraction is undefined and 
wilt cause undef ined results in an arithmetic operation. 


The second word of a double=precisions floating-point number is 
treated merely as a 36*bit extension to the rijht of the fraction 


part of the first word of the number. The first word of a double 
precision number tooks just like a. singte- precision, 


floating-point numbers except that the type bits are il. 


Integer 
a 9 bits — | _ 24 bits. : 
(eee e (oe aee (eer eee e<<5 (oreo ne ease renee ens eee 
ae | a ( high-order i | 4 
€ #00 @signt part of 1 : integer | i 
fos 9 i extended i OI - we 4 
4 ' 1 integer  f . | | 


eee ey ee eer r sy 


0 Rie 3 awe  . | : nl” 20,285 


An extended integer is indicated by a nonzero high-order part. 


Real 


9 bits | | 24 bits 


pr rea] ce wel ema na maw em etaa fone ne cream ene oman ane seo amar enwene | 


1°01 tsignt “excess 256" 1) normalized fraction = = § 1 
a i $$& exponent ? | | Ss te 2 A 


. juw-7-- | saan d sTelestadatatatatotetahatatel Raketeteteietatabetetetatetetathetatetetetateteatensebtateel Ue 


0 toe SS AL 12 | : es yee 


RSORenPbar rere therare! Perpertpens preter) cre 


55 
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Double P ecision 
9 bits | = 24 bits 

fn---3 aawe] Anan nanan © aw] Pee ne tem meena meas em memammaman sy 

foal tsignt "excess 2546" 1 normalized. fraction | i 

i 4 4 exponent oo 7 1 


poewmamoe] canw pone we maw nane am | nen ae we nnn nna ae anamwm @ | 


co ae oe 11 12 | fe * 2, 35 


36 bits 


pow coe canna wana GSD MANNE BDRM DMR REDHEAD MARHDENENRBDAD ET DO EES wa eane | 


2 — = | EET ys | 4 


lower-order 36 bits of double-precision fraction  141- 


j waae sai a: ok lS al <a me an dai tan Genes ancl es nom a aneanrasenecarecee mo om aa dlaediadiadl and 1. 


36 | | 7 | OS 71 


Uninitialized 


Uninitiatized data have type fietd 10. The remainder of the 


format is undefined. Uninitisatized data will never be toaded to 


the stack put wifl be detected by a "LV" or "ALV™ Swinstruction. | 


STINSTRUCTION EQRMATS: 


An SHingteuceion: consists of an operation code cseaperacors which. 
may be followed by a descriptor and/or other operands. There are 


two S-operator Lengths: three bits for the most frequentty used 
instructions and ning bits for att others. Atl = ninebit 
Ssoperators begin with bits 111. Many Swinstructtons operate on 


items from the stack» while others have one ofr more operands 
appended to the instruction itsetf. Detailed information on. 


operands is jiven in the "ST NSTRUCTIONS* section with 


descriptions o f each affected Ssinstructions 
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OPERAND EQRMATS: 


Tabte 5° La lists all iouestnte kinds of oper ands and the number of. 
bits for each occurrence. The six cits of a GOSEENREO™ . 3Fe. 
fisted in Tabte 3-lb. : | | 


| : | No. of | | | | No. of 
Operand Hite Baits | Meaning | Bits 


Code fiag _ 
Type fietd 

Array ftag 

Stack field 
Unused 


ho Fiag 
| Type indicator 

Parameter type 
Descriptor 

No. of operands 

Smali positive integer 

or segment no. | | 1c 
a S 3 Code address or | 
a i array: bound (max. or min.) 1a 

_ ey cenee | «3G 


moo & Np 
me me TN 


Tabte 3-13: Operands List | | | Tabte 3-ib: Descriptor Bits 


PANN. 


Se ee er re Pe rn ae re 2 
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S~> INSTRUCTIONS 
RESTING SY INSTRUCTION 


_ | Operation 
Mnemonic | Code 


“Instruction Nama 


eer ee eee eee eS ee ee ee rer anennanaa 


(Table 4-1 is continued on next page). 


HMON | 


101 


O11 


ABSOLUTE VALUE ABS. ee | 
ADD. ADD 111 910 110 
AND _ AND ALL 001 «991 
ARITHMETIC IF ATF 111 000 110 
ARRAY LOAD ADDRESS ALA 910 __. 
ARRAY LOAD VALUE ALV O11 at 
BRANCH FALSE BRFEL 111 000 101 
CHECK TYPE CKT 111 110 100 
COMMUNICATE COMM 111 901 100 
COMPARE PARAMETER ATTRIBUTES CPA. 111 O11 O11 
COMPLEMENT NoT LiL OL1 110 
COMPUTED GO TO ! CGO 111 001 099 
CONSTRUCT ARRAY DESCRIPTOR. CAD 111 100 110 
CONSTRUCT STACK RELATIVE POINTER CSRP 111 101 000 | 
DECREMENT*MULTIPLY“ADD PARAMETER DMAP 111 O11 101 
DEPRESS THE STACK TO MEMORY DPRS 111100 191, 
DIVIDE Orv 111 O11 091. 
~pOUBLE DBLE 111 101.010. 
DS yO8 QDs 111 110 110 
DUPLICATE“ONE DUP1 1121 101 199 
DUPLICATE-TWO DUP2 111 101 191 
DYNAMIC BRANCH _DBCH 111 110 000 
EQUAL © EQ. 112 010 000 
EXCHANGE | -XCH 111 100 OCt1 
EXTRACT FIELD X TRF 411 011 111 
FIX FIX 111 101.901 
FLOAT FLOT | 111 000 090 
60 To. | GOTO 111 000 111 
GREATER THAN ot. 111 010 911 
GREATER THAN @R EQUAL i i111 of0 101 
HARDWARE MONT TOR 111 100 190 


eee 
LESS 
L OAD 


LOAD 


LOAD 


LOAD 


LOAD 


LOAD 


LOAD 
MAKE 


MARK 


BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT. 


Instruction Name 


cena noae o 


THAN 

THAN OR EQUAL 
ADDRESS 

SMALL INTEGER 


BITS 


BYTE 


COMMUNICATE REPLY. 


SINGLE PRECISION LITERAL 
VALUE | 
Two 


STACK 


MAXIMUM 
MINIMUM 


MOVE 


MULTIPLY 


MULTIPLY*LITE RAL = ADD 
NEGATE 
NOT EQUAL | 


OR 


_ RETURN 


RETURN VALUE AND EXIT 


SENSE SWITCH 


SPECIAL MARK STACK 
STATEMENT FUNCTION LINKAGE 
STORE BITS 

STORE CHARACTERS 

STORE DESTRUCTIVE 

STORE NONDESTRUCTIVE 
SUBROUTINE CALL 


— SUBTRACT. 
WRITE 


INTEGER. DIGITS 


COMP ANY CONF DER TAL : 


1806781700 FORTRAN S“LANGUAGE — 


a6 S5 2201 67 37 0) 


Oper ation 


Mnemonic oes 


Table 4-1: SInstructions Listed by Instruction Name 


010 
100 


010 
110 


0 000 


ALL 
100 - 
1 111 


119 
C11 
009 — 


—100 


010 
OO1- 
010 
Oli 


010 
1ot | 
O11 

OLL 
cout 
001 


101 
OOL 
111 


LT ait 010 
LE lil 010 
LA 000 

LSI 110 

Loo38 111 O11 
103 111 O01 
LDCF 111 100 
LIT 101 | 
Lv O01 

MAK2 111° 190 
MKS. 111 000 
MAX 111.101 
MIN 111 101 
MOVE 111 110 
MUL 111 O11 
MLA 111 O11 
NEQ 111 100 
NE 111 O10 
OR 111 001 
RTN 111 000 
RTNY 111 000 
SSW 111 110 
SMKS 111 100 
SF 111 O01 
S708 111 O01 
STC A111 110 
STD 100 

STND 111 001 
CALL 111 000 
SUB 111 010 
WID 111 110 


~—6810 


{Sg i eh ape Bet aah ee Le ied SR ae aang er: Aas PR NS We a aE Re das a ee, eet aaa % oe oe URS Fe, BAT oe a en ee ly ee ee ee i, te we fe ee gE ep as ay eae Sie ager, thee ea ee 


CRAM UES ES 


SLEPT eee MEP See Be ee 
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LISTING £Y MNEMONIC 


Instruction Name 


AGSOLUTE VALUE 
ADD 
ARITHMETIC IF 
~ ARRAY LOAD ADDRESS 
ARRAY LOAD VALUE 
~ AND | 
BRANCH FALSE 
CONSTRUCT ARRAY (CESCRIPTOR 
SUBROUTINE CALL 
CHECK TYPE 
COMMUNICATE 
COMPUTED GO TQ 
COMPARE PARAMETER ATTRIBUTES — 
CONSTRUCT STACK RELATIVE POINTER 
DYNAMIC BRANCH 
DOUBLE 
DIVIDE 


DECREMENT@*MULTIPLY-ADD PARAMETER 


DEPRESS THE STACK TO MEMORY 
DUPLICATE-ONE 
DUPLICATE-THO. 

EQUAL 

FIX 

FLOAT 

GREATER THAN OR EQUAL 
GO Ta 


COMP ANY CONFIDENTIAL: 2 
B1800/31700 FORTRAN S*LANGUAGE 
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_ Operation. 
Mnemonic Code 


ABS sa 201 0117 
ADD 111 010 110 
Ate 111 000 110 
ALA sti 
ALY Ob 
AND 41211 001 001 — 
BRFL =°—i (isa COO 101” 
CAD 111 100 110 
CALL  t11 000 001 
CKT 112 110 100 
COMM £11 001 190 
CGO — AL 001 009 
CPA ss AA OLL O11 
CSRP =—«-« LAL 101 0900 
DBCH ALL 110 000 
DBLE 111 101 010 


OiV, «ADE O11 001 


DMAP 2121 O11 101— 
DPRS —1bi 100 101 — 
DUP 1 112 101 100 © 
— pUP2 «ALA 201 «101 
FQ =———“<i«‘i LL OL CL_s—= 
FIX 111 101 991, 
FLOT 111 000 000 
GE sa O10 101 
GoTo tit 900 111 


(Table 4-2 is continued on the next page) 


Sie Qt ST er ISR aT 
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Instruction Name 


RAAARMR SE AREMERMRARD OT MABN BANDA eEN Awe e 


GREATER THAN - 
HARDWARE MONITOR 
LOAD ADDRESS 
LOAD BYTE 
LOAD COMMUNICATE REPLY 
LESS THAN OR EQUAL 
LOAD SINGLE PRECISION LITERAL 
LOAD SMALL INTEGER | 
LESS THAN 
LOAD VALUE 
MAKE TWO 
MAXY MUM 
MININUM 
MARK STACK 
MULTEPLYW“LITERAL “ADD 
MOVE 
MULTIPLY 
NEGATE 
COMPLEMENT 


RETURN 

RETURN VALUE AND EXIT 
STATEMENT FUNCTION LINKAGE 
SENSE SWITCH 

STORE CHARACTERS 
STORE DESTRUCTIVE 
STORE BITS” 

SUBTRACT | 

WRITE INTEGER DIGITS 
EXCHANGE 

EXTRACT FIELD 


une 


COMP ANY CONFIDENTIAL 


B1800/31700 FORTRAN S*LANGUAGE 


Pe Se ears enna.” 


Operation 


Mnemonic a Code 


ee man nanana 


GT 111 010 O11. 
—HMON 111 100 100 
La 000 ek 
ee a1: ae ‘111 001 110 
LDCR 111 100 000. 
LE «Ald O10. 190 
LIT 101 
1s es © -, 
LT 111 010 010 
LV 001 a 
MAK2 111.100 111 
MAX 111 101 111. 
MIN 111 101 110 
MKS 111 000 100 
MLA {11 C11 100 
MOVE |  L21 110 O11 
MUL 111 011 000 
NEG | 111 100 010 
NOT 111 O11 110. 
OR 1112 001 010. 
o0S Abd 110 110. 
RTN 111 000 011 
RTNV 111 000 010 
a ALL OC1 011 
SSH ti(<i«‘éi CALC ALO 108 
stc 111 110 001 
sta. 100. 
sToB 111 OO1 111 
SUB 111 010 111 
W190 | ALL 110 010 
XCH ALL 100 001 © 
XTRF  - - LAL OLD 111 


Table 4- 2: S“Instructions Listed by Mnemonics 


Ak mooS teenth eR, EEE Set ee RE ee REE CR 
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LISTING BY OPERATION-CODE VALUE 


Three-2it Operation Codes 


Octat Vatue Binary Value “Mnemonic 


Ewen n ne anne Rane n BR ee @ wm 2. oh a om 


000 La 

001 LV 

010 —— ALA 
011 ALY 
100 STD 
101 LIT 
110 LSI. 


OVS WN =o 


Ae 


COMPANY rere 


81800/81700 FORTRAN S*LANGUAGE | 


P. Ss. 2201 6737 0) % 


Instruction Name 


LOAD ADDRESS 


LOAD VALUE. 

ARRAY LOAD ADDRESS 
ARRAY LOAD VALUE 

STORE DESTRUCTIVE 

SINGLE PRECISION LITERAL 
INTEGER LITERAL 


Table 4°3a: S*Instructions Listed by Op Codes (Three Bits) — 


Nine-Bit Operation Codes 


OQOctat Value | Binary Vahue Hnemonic 


700 121 000 000 — FLOT 
7OL = = = 4212 000 001 =~ CALL 
702 111 000 019 RINV 
703 112 000 911 © RIN 
704 111 000 100 ~— MKS 
705 a 000 108 BRFL 
706 111 000 1160 AIF 
707 —t11° 000 111 GOTO 
710 £11001 000 cépD 
Til Li1 O01 0OL = AND 

712 1i1 001 O10 QR 
713 121 001 0112 §8SF 
714 111 001 100 COMM 
715 111.001 101 STND 
716 111 O01 110 L068 — 
‘717 121 O01 L121 sToB 
720 © 111 010 000 EQ. 
721 111 010 001 NE 


Instruction Name 


FLOAT. 
SUBROUTINE CALL 
RETURN VALUE AND EXIT. 


RETURN 


MARK STACK 


BRANCH FALSE 


ARITHMETIC “ 
GO TO 


COMPUTED GO 20 


AND | 
OR 


STATEMENT FUNCTION LINKAGE 


COMMUNICATE | 

STORE NONDESTRUCTIVE 
LOAD BYTE 

STORE BITS 

EQUAL 

NOT EQUAL 


{Table 4@3b 15 continued on next page). 


en. ge a ee eM a : 


Table 4-363 
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(Octal vatue Binary Vatue Mremonic Instruction Name 
722 111 010 019 LT LESS THAN 
723 111 016 011 Gt GREATER THAN 
724 111 01¢ 100 LE LESS THAN OR EQUAL | 
725, 111 910 101 GE GREATER THAN OR EQUAL 
q +726 L111 010 100 ADO ADD | 
/ 727 111 010 111 SUB SUBTRACT 
730 111 011 000 MUL MULTIPLY 
| 731 Lil O11 OO1 DIV DIVIDE 
: 732 111 011 010 Lops LOAD BITS | | : 
733 111 O11 O11 CPA COMPARE PARAMETER ATTRIQUTES | 
734 111 011 100 MLA MULTIPLY@*LITERAL“ADD | = 
: 735 LLL O11 101 ‘OMAP DECREMENT@=MULTEPLY@ADD= 
| . ‘io. |  - PARAMETER 
a 7 $6 111 O11 110 NOT COMPLEMENT 
737 111 011 111 X TRF EXTRACT FIELD 
| 740 111 100 000 LDCR LOAD COMMUNICATE. REPLY 
| 741 111 10¢ 001 XCH EXCHANGE 
| 742 111 100 010 NEG NEGATE 
| 743 Lif 100 O11 SMKS SPECIAL MARK STACK CALL 
L. Tht 111 100 109 HMON HARDWARE MONITOR - 
| 745 111 100 101 DPRS DEPRESS THE STACK TO MEMORY 
746 111 100 110 CAD CONSTRUCT ARRAY DESCRIPTOR 
| 747 111 200 111 MAK2 MAKE TWO : 
| 750 111 101 C00 CSRP CONSTRUCT STACK RELATIVE 
| ee a | POINTER © 
i: 751 Lit 101 091. FIX FIX 
752 211 101 010 DBLE DOUBLE 
753 Li1 102 011 ABS ABSOLUTE VALUE | 
754 111 101 100 DUP I DUPLICATE-ONE. 
755 112 101 101 puPZ DUPLICATE-TwO 
| 756 111 101 £10 MIN MINIMUM — 
| 757 111 101 111 MAX. MAXIMUM — 
i 760 111 110 000 DBCH DYNAMIC BRANCH 
i‘ 761 Lii 110 001 STC STORE CHARACTER 
| 762 111 110 010 WED WRITE INTEGER DIGITS 
e 763 111 2110 O11 MOVE MOVE | 
. 764 111 110 190 CKT CHECK-TYPE 
: 765 211 110 L101 SSW SENSE SWITCH 
766 ‘ALL 110 110 QDS 9§ JOB 


$-Instructions Listed by op Codes (Nine Bits) 


“BURROUGHS CORPORATION 


SANTA BAR@ARA PLANT 


OS ES ET a STS 


i rat phates te ad 
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DESCRIPTIONS 


Acithmetic Qperators 
ABSOLUTE VALUE (ABS) 


Format: 
] ma mee wees wan | 
; 4 
yop code 4 
@ wii wor 3o1k 
1. | ij 
{ess ssseseeees t: 2 


Oe a 


ABs turns off the sign bit for the value on the top of the stack. 


po (aon. 

SUBTRACT (Sua) 
MULTIPLY cyub) 

DIVIDE <DIV? | 


Format: 


J rns nan j 


4 { 


§' op code f 
4111 010 11014 


frre ecunaanmns 


o 7 
CADD) 


Each of these four functions pops two items off the stack and 
performs the indicated operation. 
‘be mixed» with the resutts described tin Tabte 4-4. 
the operation is pushed onto the stack. 
TOS*1. DIV divides TOS into TOS-1.. 
causes abnormal termination. | 


a | 


1 op code 1 


G111 019 L118 


J wen me madanas 


0 | 8 
Sua) _ 


j sw ees ananana|t 


4. | { 


1 op code 


1111 011 0008 
(4 2 ese ees see 4 


0 8 


‘ : 


CMULD 


{wow ean mwasan j 


! op code 
P1Lii O11 0018 
i 4 
pastes eseeee4 
OO & 
CDIV) 


The mode of the operands may 


The result of | 
, $UB subtracts TOS from. 
Attempting to divide by zero. 


4-8 
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second operand type 


Aes aneeuna eypet daveour 1 reat {double precision 
eta ea eee ee ee es pea Ses eo 
_ | 1 | ee | | 4 . 
integer oo tinteger* {treat Idouble precision 
reat 7 fjreatl ireat | idoubtle precision 


double precision —Adouble prec. ‘double prec.tdout te precision 


tinteger division yields a truncated resutt. 


Table 4°42. Modes of Arithmetic Resuits 
QQUBLE (DSLE) 


Format: 


(ea S26 ee ee ee s:{ 
i : 1 
i op ccde i 
H LiL 101 910 4 
i { 


1 ading seen anceawn jf 


O | e@ 


D3LE converts the item at TOS from integer or real to double 


precision and repiaces the original item with the converted item. 


FIX (FIX) 


Format: 


Por erneeecceony 
: a 
7 | op code 1 
4 Uld 1ci ool 4 
j 4 j 
Joe nner enn e nnn] 


0 | 3 a 


FIX reptaces the item at TOS with a (possibty extended) integer. 
value. The fraction part of a real er double precision iter 4s 


Ponce oe. not rounded. 


| 479 


BURROUGHS CORPORATION | : : s. COMPANY CONFIDENTIAL 
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 ELgAL Suga 


Format: 


ieee sese eres 
1 | J 
§ op code =I 
# 111 000 000 1 
t 1 


J me nw ome naan mam § 


9 | B 


FLOAT examines the type field of the item at TOS. If it is reate 
the item is feft unchanged. If an integers the item 1s converted 


to reats some toss of precision is possitle if the integer was 


am extended integere atthough rounding witl te. performed after 
normalization. , | | | ee 


lf the item is double prectsicns it 15 rounded and truncated to. 
real. | = | | _ - | | | 


MAXIMUM (MAX) 


Format: 


ial 
i 1 
41 op code 
i 111 101. 111 4 
: 1 
{crt ewe wmameuna j 


m=, = 8 


MAX pops the top two items off the stack ane sueiee the greater 
of them back onto the stack. The two items need not he of | the 
Same type. | | | 


Dee nn, & | : oe — a0 
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Format: 


Jn nemo wom aan f 
q | i 
i op cede i 
1 Lit 101 1104 
io: ‘ 

fre rene aneca mam | 


an? a 


MIN pops the top two items off the stack and pushes. the minimum 
of them back onto the stack. The types of the two items need not 
be the same. | | _ 


jo-- seananae awa | 
7 a Be! L 
7 op code J 
1 111 100 910 4 
4 | Yi j 
ras eran coded OE, 


0 8 


NEQ complements the sign bit of the top item on the Stack. — 


BS die Ch BCR SSS AE tebe et IS sR Packie ho Sr iii tig Ne ne et dy ee ae NE tk SS oy 1 sf 


a, dE sie a eee tee a ee ee 


ee 
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- «Gfanchina Qgerators 


ARLIHMETIC IE CALF) 


Format: 


i { | ae | 1 oe 4 
41 op code 1 3 : 7 | 1 a Od 
f 1121 000 110 8 address 1 &§ address 2 4! address 3 : 
i a | ] | 4 | ye PR 
lalate Relate tla tatatal Releltatetetatetatatattel Geletetetetetttetetaetel ae 
0 e.9 26 27 hh 65 _ 2 


AIF pops the stack. § If the popped word is negatives the first 
code address is added to the current*segment base and this) 
location is used to fetch the next executable S*instruction. | tf 


the popped word is. zero» the second address is usede ‘At 


positives the third address is used. 
COMPUTED GQ Ig “cGo) 


Format: 


ioce rere teens icmo serene aaa Sess fs s a= all | om oj aa monoccen| 


1 4 | 1 2 oe | : 4 4 
1 op code 1. number of { address 1 address. %...e!4 address 1 
}oiii1 001 000 4 addresseés 1 1 a | 2 i 4 N 1 
ae Fes 3. 4 a on a oe | oe 4 


Sennen ee oneameswane | 
XQ _.% io *: 16 17 34 35 — 652. 

Tha. CGO instruct ion Sietidicic an tnteger on TOS» which it compares _ 
with the number of addresses foltowing the operation codes If. 
the stack integer is greater than that number or tess than . ohe» 


control transfers to the instruction fotiawing the cGO 


instruction. Otherwise» the integer is used as an index iftto the 


address fist in the CGO instruction (note that indexing starts 


with tl» not 0). The address in the tist is a segment-retative 
address which becomes the next instruction pointer. A maximum of 


255 addresses may be soeci fied. If the TOS is not an integers 


then CGO forces it to integer. 


Pe | Se _ SF yeh 
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DYNAMIC BRANCH <DB8CcH) 


Format: 


Wag 2 4 tn, bese eeesets S| 

pees | - | { | a ft 

poe | —  § op code 4 
a | # i1f1 210 000 | 
i - ‘ 
leat tttaheetatel 


0 8 
DBCH expects a code address. The address is popped an! execution 


bit disptacement retative to the start of the current code 
segment. | | , ae | 


GOTO (GOTO <cODE sDORESS22 


‘Format: 


{ease sere ees ee) oer esa r es ee res 
{ | | 1. 
: op code © 592° a oe 
$2411 000 111 1 code address ) 
1 { 4 
pw et teem mmm amae loan anaanauan 


0 89 26 


GOTO obtains the program base-relative code address» converts it 
| . to an absolute address and places it in the next instruction — 
pointer. | _ ; _ 5 | 


continues at TOS. If the segment field is zero» the address is a. 


Rates Se ake al oP 


a Ee a ee catplurumnacn acemnaisuinipemeapeatmmniwi 
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GRANCH FALSE (BRFL) 


Format: 


[2+ Sees ease) 84S eee eo See 4 
i ap code t 4 
1111 000 101 % code address { 
{ t 1 


oO a 9 | 26 


BRFL pops the stack and examines the ieast Significant bit of the 
value. If the bit is zero» the next instruction pointer is set 

to the absolute address resuiting from conversion of the projrar. 
base-relative code address passed in the instruction. Otherwises 
the next instruction pointer is increased by the tength of the 


BREL instruction. 
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i _ begisal Gperaters 
‘ AND (ano) and OR (OR) 
a Format 
a . | | 
- pot w mew arms aan | _prceeaneanmamaaa | 
a ee i 
[ i op code i i op code 1! 
| 4121 001 901 4 1 111 001 910 1 
1 i q | | i 
; fm we wawamans omw | | Joe wwroaneaeana{ 
9 ~ og 4 0 7 e 
AND ; OR 


£ither of these ogerations pops two vatue operands from the 

~—6stacke If the operands are both singlerword tength or are both 
double-word tength» the indicated operation is performed on ait- 
bits except the type bits of both operands. The type ts set to 
double precision if either operand is double precisione to reat 
if either is ‘care otherwise to integer. oe 


tf one operand is single-word and the other is doubleswords the 
Single-word operand is assumed to have an attiezero second word. 
A pitwise “logical and" or “Logical or" is. then performed on the 
two operand and the resuit is ‘pushed onto the stack. 2 


COMPLEMENT (NOT) 


Format? 

ya | a J wee tem wns mons 

re a rr rn ae 
| | 1 op code  } 

|} t4b O11 1190 1 

fo 

fmm s cer ee es nnn | 


0 8B 


NOT pops the stack» checks the type and perforas ones complement 
on att bits indicated» except for the type itseif e.g.» if the 
descriptor indicates double preciston» 72 bits minus the 

deseriptor are Compt snen tony The resuit is pushed onto the 

stack. | _ : ages“ 


ee (= oe | : | | | 3. an Le by 
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Relational Qperators 


EQUAL EQ) 
‘NOT EQUAL (NED 
GREATER THAN (GT) 
“GREATER THAN 02 EQUAL (GE) 
Less THAN LID 
LESS THAN OR EQUAL «LED 


Format: 


J wow ew wmes mann 7 J mmm nsw cn awonns Jose emn ew eenn=] 


-_ "3 . = 7 1 4 4 j | : | § 


~) 


A 1 op code 4 4 op code 4 JI #£op code [a 
i, 6a CLT. O10 6900 4 1 £11 010 GOL 4 @ 211 010 O11 8 
: i te — i 
J easter wocemanan } fcconnwsceewao{ J ec ew ena anon a | 
7 oO 8 OF 8 Oo. 8 

: EQ. NE ech 

/ 


tte” Me Cott ee ote 

1 | a 11 | 

1 op code 1 1 op code 1 14 #+xop code 

i al 910 101 4 @ 111 010 Qg10 4 #9 LLL 010 199 
1 , : 
I 


1 i § a 1 

tele tatatateiatatedl ME Cchetete tte tteteel Oe , 

0 - 8.  @ oe | a 9 es > a 
| GE | Lt re: © ae 


¥ ; . ; 


Each of these comparators pops two items off the stack and 

performs the indicated comparison. If the result is truer an 

integer 1 is pushed onto the stack» otherwise an inteder 0. is 
pushede The SPE Seo NeT. is performed as <TOS“L><relation><TOS>. 


few Pte Pet PEERS OT epee 


stat é i ‘ 
| oy ta, Bed 
eet oe , 
Fe 
i 

in F * 7 : 


n= 16 
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Store Operators 


SIORE DESTRUCTIVE (SID) 
STORE NONDESTRUCTIVE (STND) 


Format: 
feecres see | pe Seeseeeesoe7 
i 4 | t | i 
4 ap code | 4 op code 1 
‘ 100 a @o111 001 101 4 
i | 1 7 1 | 
{e2cere ress | foes sere rk 
0 2 7) . 8 
| $To STAD 


Both STD and STND expect the top word of the stack to be an 
address and the word betow to be a valuee The vatue ts stored at 
the address with restrictions ptaced by the descriptors according 
to Table 4-5. The address is popped from the evatuation ater 
With STD onty» the value is also popped. 2 A 


Address Value | i Rule 
Integer Integer | Assign | | : 3 ba 
Integer Reat Truncate to an integer and assign 
Integer Double Preciston Truncate to an integer and assign. 
Reat | Integer | Float and assign 
Real Real oe Assign. | 
Real _ Double Precision Round to 24 bits and assign most 
—e significant part _ | 
Double Prec. Integer | Extend to double prec. and assign. 
Double Prec Reat | | Extend to doubte Bioe: and assign 
Double Pres eh Preciston Assign : 


Moai 4 5 Assignment Rules for STO and STND 
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COMPUTER SYSTEMS GROUP 7 | 1800731700. FORTRAN S*LANGUAGE 
SANTA BARBARA PLANT | Se 2201 6737 (Dd) 
MOVE (MOVE) 
Format: ee oh te, | 
| _ 2or 4 Oo 45 8B or 19 
9 bits $1 bit 18 bits bits _ bits 

Jee ecanananmen{fonnmare| sera wanwamaw f ona mm ah =m = —_- m a thse onal 
/ | op code 1 stack ! destination 1 variant 3 source (may 3 
i Fld 110 O11 2 i address 1 | 1 be nonexistant) 1! 
i . [eter Sess Ssesef wer eae | esas Sees eee e ea ees ene a | ee ees se ee see eee a4 
: 0 a 9 10 27 28 29, 39 35» 37 
: Bits 28 Bits 30 : 
i and 29 and 31 | | : Interpretation 
| 00 00. mo source fields source implied to be oO 
| 6-00 OL no source fields source imptied to te i 
: 00 10 scurce field is four -bit literal in bits 32...255. 
: 00 : 11 undefined — 

OL =e no source fiteids source implied to be tos | 
(10 tis source field is 19 bits? bit 30 is a stack 


Boolean and bits 31.648 are a suneee 

Le, os : 7 . | cisplacement address | 

Wegeae o °°. aE _ == source field is bits 30...37;3 it is a word) 
oe | | | dispdacement in the same ‘seqnent as the 

destination address 


Type conversion is never performed. |§ The type fietd in the 
destination will be set the same as in the source. For variant 
O00» type is set to integer in the destination. 


FS Sobers Ak Fe $4 ab we Sant Sk OE 2 he Sk Sd SE om ce et ee ns eg Sak Mk ee eS ee PE es at Oe eae ek Sw ee ee aS ah Cee oe es’. Toe 7a . ~ 
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Load Qpoerators 


GAD ADDKESS CLA) 
Format 1: | 


prrerrenjoce | ana m | atieadl | annawmamianwan ow SRB nannaumn aman an eannae } 


§ op | u i b'not 6 | 1. 
f code 10% type 4 01 stack 1 used 1 base and displacement 1 

#900 8 4 t [oe 1 | | - t 
Be Koteaketedteated Makatelt enteieteteted Keabeted Rubehatetetatel tedaltatehel hebtetehetateiatetetatetatetetabeetetel 


> 2 3 4 5 6 7 a 9 - | 26 


Format 2: 


Fa cag oc ak aca aD cE OR RE a 

i ap i i 1 { Inot thase and iminimum= imaxtmum= 4 

§' code 1 0 itypel Lt Istacktusedidisplacesisubscripttisubscrioti | 
$090 § @ 8 4 4 Iment | ivatue ivalue 1 


jrrenmans awe} See eS ees eee eee ee See Ss Sennen aa[~ seeenewe { 8 


27 2 3 & 5 & 7 8 9 26 27 4e 45 ~— 62 


Format 3: 


Cet latatetel Retded Retetdel Dotted Rttetatt Cotten Rett tt ttt tiated Cette tetttetet 
! op { Inot to o4 Inot 1 ee | a i 
i code i 1 tusedt 1 tstackluseat base | t displacement 1 
1900 4a 8. ee ee, eee ee 7 oe 4 
jeSeeee | ee {Sasha e= (46 sea ( 2-48) ae ese ee ee Sees a) meas eee es =| 


9 2 S$ & 6 TF B 9 e190 8H 


If the stack bit is zero» then the descriptor bits» base and 
displacement are used in creating either a simpte variabie 

address (format 1)» array address (format 2)5 or code address 
(format 3) at TOS. a | eS | -_ ca 


tf the stack bit is 1» the base and displacement form a word > 
index relative to the return controt register. | The index is 

positive if the leftmost bit of the base is zero and negative if 
one. The index is multiplied ty 36 and added to the RCR to fora. 
a pointer into the stack. If the item pointed to is an address» 
it is copied inte TQS. Tf it tis aéevatuepe a stackeretative 
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| address. using the pexnrer. is ptaced sa des 


Oe Ata eiteeseaeen the TOS potnter is bumped appropr iatety. 


LOAD VALUE — 


Format: 

J ww emma naw{ anaae a{eorane a=] eanmeca fl anaw oo mo om canoe an ao | 
 . ft op code 1 type t stack § not i base and 1 

i O01 i ! t used | displacement J 

Jfeewcaeeaaa| cama a] oannwae | nm - me = | Seem mwa mw eww ane mae | 


9 ——- 7 2 3 . typ 5 6 a - : | | Ph. 


If the stack bit is O» LV fetches the value at the indicated 
base-displacement address and puts it on the stack. If the type 
field is 10» LV foads the value with the type field as it appears 
im memorys otherwise» it forces the type fietd equal to that in 

the S-instruction. | | ie - . ~ 3 


If the stack bit itis i» the towrorder 17 bits of the base and 
displacement are taken as an offset from the current return 
controt register. This vatue is muttiplied by 36. #£If the 
higheorder bit is set» this multiptication resuit is then 
subtracted from (otherwise it is added to) the current RCR. ei 
the item thus tocated in the stack is a values then LV toads. | 
to the top of the stack. If the item found was an address» “ 

uses the found address to locate the data value and toads the 
found vatue to the top of the stack. If the tyne fietd in the 
S-instruction is 10+ LV toads the vatue with that type fietd as 
found tn the vatue; otherwise» it sets the type fietd equat to 
that in the Ssinstruction. 7 


Tf the type field in the value does match the type field in the 
S-instructions conversion 75 «not le aad attnougn the. type 
avers is modified as described above. 


ineopeogeas is terminated with "uninitiatized data" if the type. 
fieid on the vatue is 10. | —_ 


© Ts SSS es FE 


PAM CREE SECPOnS TES hP pee Mies 2 gl hee ee as 2 ee ee aS Ge ee PE ee BE my SAME BR eb bel ete oak eg aly ee ae ee Ry ee Ae ee tama eek Sees re hat wih gt oT ony Ringe CRORE MLS Ge ONTENTS UP EM CO" ” VaR REN Sy MENG INET Tal ak 9 ae TL meee 7 Bg a Ay eS EE pps yo ae 


tei 
ory a bare ae 


gor PCPBEES Ene 


DEER RBS RPE BES DRED REDE ES 
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-ABRAY £0.80 AQORESS SAL Ad 


Format: 


ET Pee Peet Peet Peet Peer pene rn Pere ern Pannen nt 


iop | q i 1 inot ibase and tminimun- imaximumm (. 
i code 1 0 itypel 1 istacklusedidisplace-Isubscriptisubscriptl 
1O0Lo 1 i 1 4 i Ament  §value tvatue 4 


CAigsiete Wesel ean bee Wer sed aed ene ei ee een 


2 2 3 4 5 6 7 08 26 27 2 kh 45 


ALA places a simple variable address at TOS. The address is 


forned as for LA» except that TOS has a subscript used in 


modifying the base address as described in Section le If the 
stack bit. is 1» the minimum and waximum bounds do not appear tn 
the code but appear as pert of the address in the stack which: | 
pointed to by the base and displacement. 3 , 


ARRAY LOAD VALUE CALW) 


Format: 
Peppy pent Pernt Pert Perenthnn tt Pritt ono Pra ao 
i op { | 1 4 §not tbase and tnininuas imaxtmume 4 


t code 1 0 itypel 1 istackiusedidisplace-tsubscriptisubscripti 
oir 1 i t i is Ament ivatue twatfue  §¢ 


eee ee ee ee ee ot lteiedel Keltebeeel Oe 


O09 2 3 4 5 6 7 8 9 26 2700 4h 4S 2 


ALV places a value at TOS by performing an ALA but. placing the 


addressed vaiue at {0S instead of the address. The type field of 
the Loaded vadue is set to the type specified in the. operator» 
untess the S-instruction's type field is 10% in this case» itt ts 


— like the type field of the data itea in memory The prograr 
| terminated with "uninitiatized data®* if the yee field of the 


wor in memory is 10. 
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CONSTRUCT ARPAY DESCRIPTOR (cap) 
Format: 


alata tatattatatatel Rated Retatatatetdl Ratated Reteletatetatel Retetatatatel Rebetetetetteatatetetatelel Bi 
i a 4 { { ' ionot 1 base and 1 
# 111 100 110 1 O 1 type 11 4 Stack 1 used $1 disptacement !{ 
1 1 o@ 1 4 4 4 sf 
Loto ttt nt! iit! toe Coo! Ceres 


0 8 9% 16 2112 13 440 150 32 


1 | 4 a | i 
§ minimum subscript — i Maximum subscript | 
i re on: { 


33 st 50 51 _ = * 68° 
Using the item on TOS» CAD modifies the base» displacement» 


minimum and maximum subscripts then places an array descriptor on 
the stack (after popping the top item). If the stack bit = Is. 


CAD uses the array descriptor in the stack referenced. In this 
 Caser minimum subscript and maximum subscript are not given in 


the S-instruction. See Section 1 for descriptton of base and ; 
array bound formats. . _ | a | pies ie 


CONSIRUCT SIACK RELATIVE POINTER (csRP) 


Format: 


§ -- - ween we men f 
‘ ee 
i op code =! 
i 111 191 900 1 
1 | ee. 
J mee ee eae aan] 


@ oO 38 


: CSRP uses the TOS as a oud sapnber. to construct a sscaonelavive: 


address description. The TOS item indicates the number of words 


from the return control register to point to. A positive index 
is toward the stack base» a negative index is away from the base. 


- BURROUGHS CORPORATION 
COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 


LOAD SMALL INTEGER (LSID 


Format? 


Pert rep ccesnconenn| 
4° 4 : . 41 
42110 4 tditeral 4 
1. 1 ne 
Poe eref ener esnennn| 


0 2. 3 12 


+ Se uses the 10-bit literal as 


mantissa of a S6-cit integer. The 
positive. | | 


COMPANY CONFIDENTIAL 


B1800731700 FORTRAN S“LANGUAGE | 


P. Se 2201 6737 (0) | 


the rightmost 19 bits of the. 
integer formed its assumed 


“LOAD SINGLE ERECISION LITERAL CLI) 


Format: 


iid ee 


i | j | 
1 op code i : - H 
4 101 1 diteral og 
i | 1 | 3 | i 


q aawauannvea | cee oneeedaasawasansona | 


‘an 222 


Lit places the 36~bit Literal 
pointer. a a ee 


pox 


38 


on TQS and increments the TOS 
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MAK IW (MAKZ) 


Format: 
Pow eccereree-] 
i 7 4 
4 op code 4 
4111 100 L111 41 
' 1 
Chelate Ie 


9 | a 


MAK2 makes the item at TOS occupy two words in the stack. If the 


item at TOS is not a double sword item Ci.e~. is integer or reat 


value or a nonarray address)» then MAK2 copies the item forward 


in the stack and makes its former position in the stack ail 
Zerase . 2 
This is usea in passing parameters» where the formal parameter 


may be a scatar (Coccupying one word in the stack) or an array 
where the actual parameter was a subscripted variable (could 


occupy ane word) or 4n array. 
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 Subcoutine Call Operators: 
SUBROUTINE CALL <caLL? 


Format: 


(Smee wwe ewes cme meena mm e nnn fama meoane seer ena | 
4 m4 | : ee 
i op code | 4 7 en | 
§ 111 000 001 1 Segment. number ! code address ! 
i | a an; | 4 7 7 4 
{me ce we wcer ew al mamanmcceneaenens feos nneasocamunae | 


0 8 9 1819 | 36 


If the segment nuater is not z2eFr 0» CALL gultipites the segment 
nuaber hy 80 to get an index into the segment dictionary. If the 
needed segment is not present» it issues a COMMUNICATE to the MCP 
to fetch it. When the segment is present» the code address is 
added to the absolute base address of the new segment» to get the 
nextcinstruction pointer. The mark= stack register 1s then moved 


to the return contr ot register. 


If the segment number is zeros CALL muitipties the code address 
by 36 and subtracts the product from the return controt register 
to get an index into stack. It then gets the segment number and 


code address from the stack {see LOAD ADDRESS for the format) and 


performs the actions described above for a nonzero segment 
nuaber. a | | 


SIRES EL EERE GE Eee SCRE Reri ti re 


2 DELCO SPOR R ESS See esc 3 
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RETURN VALUE AND EXIT (RINYD 


Format: 


{eR VSS esee es 
4 | | | 1 
4 op code 7 
1 tilt ah N10 1 
4a a 1 
i 


—- Poseee ace 


9 7 A 


RTNV pops the TOS and. saves the value which is on the TOS... AD 
RETURN is performed and the saved vatue is pushed onto the Stacks, 


REIURN (RIND 


Format: 


pore sense en ann] 
i 53 4 
4 op code i 
@ 111 000 011 1 
7 ee ' 
prt oeseseasses| |. 


0 | : 8 


The RETURN | instruction uses the eeeuen control register to. get 
the segment-relative address from the stack» brings in the prooer 


segment then set$ the instruction address register 


(nextcinstruction pcinter) to the absotute address of the next. 


. dnstruction. | The T0S pointer its set to the contents of the 
markestack registers the MSR is toaded with the contents of the 
rightmost 18 bits of the TOS and the RCR ‘As loaded with the 


leftmost 18 bits of the TOS. 
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| COMPARE PARAMETER ATIRIGUTES (CPA) 


Syntax’ CPA <no. of parameter s> <PARAM. I> <PARAM .2> wee <P ARAM. N> 


format: 


ie Daahashakatateateeteteteted Raletetehetatetatatatatel betetetateteaatel Geldeteneteetel lelechel Ketel 
t 4 1 : ! tu 4 
i op code i Auabe? of 4 i 4. 4 , oe 
bili OLL OL1L & parameters 4 PARAM. 1 i PARAMe2 4 «. € PARAM.N 1 
1 i ee 7 i | 1 i a 
Dale laetetetetetatatated Retetatattetetateteeted Retetetetetetaated Caletatetedeateted Ketel Reletetetetetateted Oe 


0 8 9 | 16 1720 21 24 


The CPA instruction tnsures that the parameters an the stack | 
agree in number and type with those expected by the cattled. 
Subprogram. Starting with the operand after the mark-stack word, 
CPA checks the descriptors of atl parameters passed on the stack 
against the types in the CPA Instruction. If a non-match occurs. 
or the number of carameters passed in the instruction disagrees 
with the number of. parameters between the mark-stack — and> return 
control words then a run-time error occurs. — | 7 


Each Sacaeorec™ 1s assused to occupy two vordés' fn the stack. 


If an. operand on the. stack begins with a binary 105» (28-0 
operand is an address)» then the next four bits of the stack 
operand are compared with the parameter tyoe found in the CPA 
instruction. If the parameter is an array and the CPA array bit 


is zero» then the parameters are considered matching and the 7 


array bit in the paranétar description is set to zero. This 
facititates passing subscripted arrays to scatars. | 


When the code flag (sea ¥igupe 3-1) is on in both the CPA and the 

parameters speciat checking occurs. Yf jthe type bits in a 

parameter descriptor are binary 10. the parameter is considered 
to matchs in atl other cases» the descriptor bits must match 

those of the CPA. A maximum of 255 parameter pyees way be 
specified. | | 


ad Bt Me be 


ar tee Tan Org Ay lel eee SS ee ee 


isan SPs Pi 335 ee ota ee ese Skee tie ae 


BURROUGHS CORPORATION 


COMPUTER SYSTEMS GROUP | 


SANTA BARBARA PLANT 


MARK STACK (MKS) 


Format: 


tse secre ese") 
| i 
| -Oop code { 
4111 000 £00 3 
: 7 1 
fom e enw cee o een] 


0 = 8 


MKS concatenates the rightmost 
register with the rightmost 


and pushes the resudt onto the 
set to the TOS pointer ard the 
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18 bits of the return controid 
18 bits of the mark-stack register 
Stack. The mark-stack register is 
TOS oointer is incremented. 


SPECIAL MARK STACK (SMNS) 


Format? 


] nan enn na ane aww J 
ic ae j 
i op code 1 
ft LLL 100 O11 4 


j | 
jose weet enmean a | 
0 | Le 


SMKS is used for invoking exponentiation and comptex arithmetic. 
routines. Jt expects two arguments on the stack. | SMKS moves 


them up and inserts an MKS operation. 
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STATEMENT EUNCTION LINKAGE (SE) 

Format: 

pees aeons ese Seo eesse SsS= se sees" | . 

i . ‘ : 7 4 

4 op code to | - 1 

42110 OOL O%1 3 address i 

i : 1 : 

[eee eeeser se A lar ee esse eee ee eae 

y) | 8 9 | 26 
SF sets up linkage to a statement functions then transfers 
control. The statement function is not externats the code 
address is a bit displacement from the program base. 
i | oe This is the same as Calis except that the code address is 


current. The seaqment address is basecretative. | - 
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Miscetlaneous 


MULTIPLY BY LITERAL AND ADD (MLA) 


Format: 
 Tetetetetetetetetebatenatel Retehatatetatabeeeate a~secen 1 
i 4 q 
i op code t i 
f ali O11 100 8 titerat 1 
; ‘ 3 —— 
Role latatetehetatateiatetat Retetehetetetetetatetateteenal | 
0 8 9 } 26 
MLA is used to form an index into an arrays For an array A> 
dimensioned © ACDie D2» D3ree-9) |j.and referred to by 


ACS 1+ S2e S3re0e5)» the general index is catcul ated by: a 
CSL ° 1) ¢ DLCS2 = 1) # DLeD2CS3 = 1) 4e.08 D102 *D3.2.DNCSN = 1d.) 


Di through ON are emitted as tLiterats following the MLA. 
instruction. The MLA instruction multiplies the element on the 
TOS by the diteral passed in the tnstruction. The stack is 
popped and the result created above is added to the new TOS. The 
total is pushed onto the stack. ; _ 


DECREMEN T-MULETeLY= app PARAMELER COMAP) 


Format: 
juw7- mm ne we th em mt aunt anmunanawan a | . 
i _ 1 4 
{ op code i base 4 
fo LLL O12 101 1 disptacement 4 
a ae | 4 
ee tte eae Rolie teeta fl 


0 89 26 


“OMAP is a specialized instruction used when variabte dimensions © 
have been passed to a subprogram. The cumulative dimension | 
information cannot be given to the interpreter via a literal Cas 
tin MLA). This information is caiculated and stored relative to. 
the latest RCW. - | ;, - | 


oe 
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- pwaP decrenents (by 1) the value on the T0S and examines the 
contents of the stack word to which the given base~dispi acement 


points. If this word is a base- ‘displacement address of a simple 


variable, then the vatue of this variable is placed on the stack. — 
If the word is a values then it is placed on the stack. The’ 


value of the word pointed to by the base-disptacement is Shen. 


 mudtiptied by the decremented variable. The stack {is popped and 


the value on the TOS is jacned to the current totat. This sua is — 


‘placed on the TOS. 


Note: The eatue (osdea ty the base-disptacement must not be 


double precision. 
DEPRESS INE STACK TO MEMORY CDPRS) 


Format: 


[srecotesssses4 
| | t 
1 op code § 4 
~§ LAL £00 101 3 
j { 


fe) ae 3 


the DEPRESS operator insures that any occupied TOs registers are. 


pushed down into Me WOT ye 


DUPLICATESONE (DUP1) and QUPLICATE-IMO (pUPZ) 


Format: 

feeeereoeseres§, . jerseteeea=seen4 
i *~ 2 4 bu. & 2 % 44 

4 op code — § 1 op code 4 
$111 101 100 8 a LAE 102 101 4 
1 - a : 1 ae 
[see e en Hee os ee'y jeewconccanaan|{ 
ne 3 en | a 

. OUPI <2 4 | DUP2 a 


make Cor puP2) pushes onto the stack one Cor two) i watuete) are 


address descriptor(s) which exactly duplicate(s) the one Cor. tuo) - 
item(s) currently at the top. Any combinations ef. age eee or. 


. doubte=word item(s) my be duplicated. 


i 
i 
j 
: 
1 
i 
" 
: 


ao 3t 
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EXCHANGE (XCH) 
Formats. 
| ere nn -_ aan oo 4 
8 eo | 
4 op code 1 
q£11 100 O01 1 
i 
foes se ween amas 
0 8 
—XCH exchanges the top two items on the Stack. These ay be 


single word or cone meee stack items. 


CHECK apie seeds 


Format? 


fer ercceweneane - - Sai esceeaweewous i 


i toe i 4 
1 = =6op code. { — | i 
@ 211 110 100 & variant i 
1 .. fam a | 7 1 
 Keteleteleteetoadetalaetattatatel Reletetekaletedatatetatetel 
Q- | 89) ee , HO 
Variant Type 

00 Integer function. 

0:  Redl function 

10 i Susfoutine 

it Double precision function. 


cCKT requires enue ie fiest single-word item below the RCW be an 


integer vatue. The value is popped from the stack and replaced 


by the RCW. The vaiue is compared with the type in the operator | 
ande if they are not equate the program 3s bated and an ea ae 
| penne TYPE® noes age is gener ated. > 


Anse 
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HAROWARE MONITOR CHMON) 


Format > 


 Rectectertetetetetetetatetaded Kecetatertatettetel | 
4 | t mn 
i op code 1 monttor 1) 
4111 100 100 4 vaatue 4 
i : 4 4 
laa ta te Ratetel Reteteletetetetal | 


o- a 9 «16 


HMON outputs the eight~bit monitor vatue to the hardware monitor. 


SENSE SWITCH C558) 


Format: 


Jorewee scence] 
i | | 
1 op code i 
@ i111 110 101 
| { 


oO an: 


5S toads program switches 1 through 2 (not 0 or 9) from the run 
structure nucleus» as a 32-bit Literals» anc pushes this onto the 
$t ack. | | | : | 
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DESCRIPTIONS FOR 1/0 COMPILER ONLY 


All instructions in this section are available in the I/0 — 
compiter ontys not in the standard compiler. . 


(GOMMUNICATE (COMM SFIX2OIT2) 


Format: 


‘ : 4 i 
i op code “7 1! 
# 211 001 L110 9 FIX.BIT 8 
i i | i 
jew once im mm SSS) cer eee ee) 
o 8 9 


COMMUNICATE toads the 48-bit RS eCOMMUNICATE.¥SG.PTR area of the. 


run structure nucteus with an SOL*type descriptor indicatin3 a 
fength of 120 bits and the absotute address of the wel to be 
communicated before giving up controt to the MCP. | | 


The TOS must bea the Fortran data address of the message. The 


address aust be a sigple (one-word) address» not an array address 
descriptor. If FIXeBIT = 1» then the 24-hit field at the message 


address + 72 «bits (C12) is a right-justified»  18-bits 
segmentrretative data address (Chase. followed sy disptacenent ). 
This address must be converted to a basewretative address and the 
indicated data seqment must be made oresent | before control as 
transferred to the MCP. | 


RRORTT, (SITS rth ere ey egy wee errs eT mp erseer ee sts er eee Bae 
oe 


AST eee 


aoe 
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EXERACT ELELD (XIRE) 


Format: 


ee - 3 oe : og 
t= 9 op code it field indicator | 4 
P iLi OLL 1121 1°90 = fraction 10 = type i 
: § 91 = exponent Li = undefined 1 


1 sce woennananaeam |] nec asc am ene aa wananananeece ~= ose eee | 


XRF extracts either the type» exponent or fraction (from a reat. 
vaiue onty) fretid from a singles or double-word ttem found on the — 
TOS. The resuttant vatue replaces the ortginal vatue on the 

stack in integer format. The field to be isotated is indicated 
by the twortit value of the field indicator. | _ 


LOAD SLIS (L008) 


Format: 


(ae ee ene a 
4 — 4 
f op code 1 
411 011 010 3 

4 Bs: 1 
Jr re cee w swoon | 


o ee: eae 


LODB Loads 0 to 33 bits from a data area to the TOS» in the forn a 


of an integer. It expects the fotlowing items on the stack?_ 


TOs An address which may be an array address. | 


OSL The address modifier, whieh. is added to the sunwe sicnass 


as abit displacement into the field. — The nodifier ay be 
negative. | 


(TaSs72 the length in bits (must be less than or equal to 33) to 


be Loaded to the evaluation Stacks 


ss COMPUTER SYSTEMS GROUP | ieeperenree FORTRAN S@LANGUAGE 


Et eh S$ 250i 92 ook 55 59135 ea Pe SHER De Es ecco Ee Se rib Set ie ee 


i 
it 
ol 
} 
a 
Ss 
4 


“LOAD BYTE (403) 


Format: 

— ~ ue . ees esereee secs 
po a are 4 4 
roe = 4 op code 1 
| | ex 1 121 001 110 1 
HO | | a -_ A 
a oe , Leeoesedscrse= 
: 


0 oi 


L008 toads eight bits from a data area to the TOS in the form on 
an integer. {ft expects the fottowing— items on the stack: 


Tas An address which may be an array address. Currenttys this 
address may not be the address of a stackwrelatives 
double-precision items» unless TOS-1 ts tess than 28. 


TOS-1 The address modifier, which is added to the above address. 
as a bit displacement. into the field. The modifier may te 
Hegettve- | "4g | — | 


Loo COMMUNICATE SEeLY cose? 


Format: | 
Pes ereoeesese) 

1 { 
i op code (64 
(iii 100 900 1 
4 


§ maw meme ee enn] 


Oe | 


| Lock toads ene low-erder 36 bits of the run “structure repty area | 
to the ‘TOs. | 
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STORE BITS (St9e) 


Format: 


Seti ie cee en 
i | fd 
q op code 1 
t 211 001 111 1 
i ! 
Pon crea ese owns 


Q . A 
$7908 expects four parameters on the stack: 


tas An address (tase) of a data areas The address may be an 
array address which requires hounds checkinge tut it aay 
not be the eocress of a stack- relatives doubte*prectsion 
item. . . _ . 


—TOSeh An cabecer vatue which serves as an address modifier in 


hitse. 


TOS! ‘i kita” te which telts. how many bits (from the 
| right) are to be stored. Beds He Og > tia 


TOS*3 A values part of which is to be stored into the progr am* S 


data area. The vatue may be either singte or double 
precision. | = ae : 


SUR ANep eer Trot ete ter itt ve reer 


ear aoc 


Ee EE See SP a as nee aang ORE ie eS se eT ales oe ie 


oy 
| 
Msi 
om 
vat 
iE 
ws 
al 
i 
: 
2 
Bod 
sat 
: 
aa 
cl 
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SIQRE CHARACTERS (SIC) 


Format: | 


§ watt emcee we nan | 
4 | 1 
1 op code t | 
# @i1 2110 901 1 
j | 1 
r mca m een m men im | 


0 | B 
Sstc expects four ttems on the Stack: 
TOS The base address of a storage field. 


TOS°1 A bit displacement into the field. 


TOS-2 Tha length Cin characters) of the field to te filled. 


T0593 A singtle- or douhte-word item containing the characters. 
| to store. | ss : 


If the tength of the field to be fitted is greater than the 

nuaber of characters givens the given characters are sorted. 
cycticatly and repeatedty until the fietd is filied. Ina 
single-word source (four characters)» the characters wilt oe 


left-justified in the low-order 32 bits. In a double-tength — 


source word Ceight characters)» the first four characters will oe 
as =O in a) «6Singtertength ites and the second four wilt be 
teft-justified in the tow-order 32 bits of the second 36 bits. 
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WRITE INTEGER DIGIIS (HID) 


format? 


(ae ee See: aoe | 
1 a 1 
§ op code 1 
1 i111 110 010 1 
1 Ps 1 


Jer ean anwasacen | 


) a 
WID expects four items on the stack? 


Tos The base address of a storage field. 


TOS@1 oo bit oy snp ac enene ents the field from the base. 


105°2 The length Cin characters) of the field to be filled. 


T0S-3 A Cpossibtly extended) integer. 


It converts T0S°- -3 fron binary to EBCDIC display characters and — 
write the characters into the designated field» rightcjustified. | 


hed with zero fill. 


roceeies Sse Yer Seprscete Re tea trae 


rer: 
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DS Jos cans) 


Format: 


{or see e aa woea= |. 
f = | | 
j op code i 
$111 110 010 1 
{ 4 


oO 


QDS expects three items on the stack: 


TOS Base"displacement data address pointing to "0S" or “Dp 


error message. 
TOS-1 Message @ength in tytes 


TOS-2 COMMUNICATE verb Catways 29) 


QDS causes a COMMUNICATE verb to be issued» causing the job to be 
discontinued and the specifted error message to be disptayed. © 


| | XL 
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INDex 


ABSOLUTE VALUE (ASS) h~7 
ADD CADDO 4°77 | 

Address Formats 3-1 

AND 4-14 | | 

AND CAND) and OR CORD £4714, 
ARITHMETIC {fF CAIF) 4-11 
Arithmetic Operators 4-7 
Array Address h fea 

ARRAY BOUNDS 2°75. 


ARRAY LOAD ADDRESS CALAD 4-20 


ARRAY LOAD VALUE CALV) 4-20 — 
Branching Onerators 4e°ll | 


CHECK TYPE CCKT) 4-31 


Code Address. 5 = 3: 


—COMMUNTCATE (COMM <FIX.BIT>) 4-33 


COMPARE PARAMETER. ATTRIBUTES CPA) 26 © 
COMPLEMENT (NOT) 4-14 a 


COMPUTED GO TO (CGO) 4-11 


CONSTRUCT ARRAY DESCRIPTOR (CCAD) 4°21 Fo» 
CONSTRUCT STACK RELATIVE POINTER CCSRP) 4°21 
DECREMENT@“MULITPLY- ACD PARAMETER CDMAP) 4-29 
DEFINITIONS AND ABBREVIATIONS aa | 


DEPRESS THE STACK TO MEMORY COPRS) = 4-30 _ 


DESCRIPTIONS 4°77: | eS 
DESCRIPTIONS FOR [70 corn ees CNLY 4-33 
DIVIDE COLD 4-7 | 


DOUBLE (DBLE) 48 


Double Preciston 3°5 
DS JOB (QDS) 4~39 


OUPLICATE“ONE (DUP) 4-30 


DUPLICATE=ONE (DUP1) and DUPLICATE-TWO COUP2) 30 
DUPLICATE*TWO CDUP2Z) 430 : 


DYNAMIC §RANCH COBCH) 4-12. 


EQUAL CEQ) 4915 
EXCHANGE (XCH)  4"31 
EXTRACT FIELD CXTRF) - 4-34 


Figure i-1: Typical Memory Layout 1-2 
Figure 2-1: Addressing Methods 272 
Figure 3-1: Stack [tem Prefix 3-1. 
FIX CFIX) 4-8 


FLOAT CFLOAT) 4=9 
FORMATS co 


FORTRAN ADORESSING 2-1 
FORTRAN STACK 2-2 


Ab SLE EE Se Ei Ee in SEPT OR ORs Ta EEL Pet he bait li lh Cn tla a = 


eta: WEP Eey ures ime 


GoTo (GOTO <CODE ADDRESS>? 
GREATER THAN (GT) 


HARDWARE MONITOR CHMON)D 
Integer 3h | | 


Misceltaneous 
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415 
GREATER THAN OR EQUAL (GE) 4°15 
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INTRODUCTION 11 
Iten 1-2 | 


LESS THAN CLT) 4-45 


LESS THAN OR EQUAL (LED 4°15 


LISTING BY INSTRUCTION 4-1 
LISTING BY MNEMONIC 4-3 | 
LISTING BY OPERATION“CODE VALUE 
LOAD ADDRESS CLA) 4-18 

LOAD BITS (1003) 4-34 

LOAD BYTE (LDB) 4°35 

LOAD COMMUNICATE REPLY CLDOCR) 
Load Operators 4-18 


LOAD SINGLE PRECISION LITERAL (LT) 


LOAD SMALL INTEGER CLSI) he 2c 
LOAD VALUE (LY) ae oe | 
Logicat Qperators 4-14 

MAK TWO CMAK2) 4-23 

MARK STACK (MKS) 4°27 
Mark-Stack Address 3-3 | | 
Mark-Stack Register L-29 2-4 
mark-stack word 1-2 | 
MAXIMUM (MAX) 499 

MINIMUM CMIN) 4°10 
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MOVE (MOVE) 4°17 


MSR ial 


MS 1*2 


MULTIPLY (MUL) 4=7 


MULTIPLY BY LITERAL AND ADD (MLA) 
NEGATE (NEG) 4-10 : | 
Next“Instruction Pointer 1-2 


Nine-Bit Operation Codes = 4-5 


NIP 1-2 

NOT EQUAL (NED = 4-15 

OPERAND FORMATS (3-6 

OR 4-14. | 
PARAMETER PASSING 274 
PRIVILEGED INSTRUCTIONS 173 
PROGRAM PARAMETERS 2-1 
RCR  1°2 | 


ROW 1-2. 


Real 574 
Relational Oper ators 
RETURN CRIN) 4-25 
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— Return Control Address 3~3 


“el2 


1X2 
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Return ‘Controt Register i-2s 2-4 
return controt word 1-2 | 7 
RETURN VALUE AND EXIT CRINV) 4-25 

~~ S“INSTRUCTION FORMATS 3°45 


S“INSTRUCTIONS 4-1 


SENSE SWITCH (SSW) 4°32 


Siaple Variable Address 3-2,—O—™ 
SPECT AL MARK STACK CS5SMKS) 4-27 
STACK FORMAT 3-1 


STACK OVERFLOW-UNDERFLOW MANAGEMENT 2-5 
| Stack Relative Address 3-2 


STATEMENT FUNCTION LINKAGE CSF) 4-28 
STORE BITS CSTOB) 4°36 | 

STORE CHARACTERS CSTC) 4°37 

STORE DESTRUCTIVE (STO) 4-16 

STORE NONDESTRUCTIVE (STND) 4°16 
store Operators 4-16 | 


«STRUCTURE 2-1 


SUBROUTINE CALL CCALL) 4-24 

Subroutine Calt Operators 4-24 

SUBROUTINE LINKAGE 2-3 | 

SUBTRACT (SUB) 4-7 3 | 
Table 2-12 Unique Fortran Parameters 2-1 
Table 31a? Operands List 376 | 


Table 3-lb: Descriptor Bits 3-6 


Table 4°12 S-Instructions Listed by fneteuetd on Name 4-2 
Table 4°23: S-Instructions Listed by Mnemonics ae 
Table &°3a: S*instructions Listed by Op codes (Three Bits) 4-5 


Table 43b: S-Instructions Listed by Op Codes (Nine 8its? 4°6 — 
Table 4°42: Modes of Arithmetic Results 4-8 


Table 4°53 Assignment Rules for STD and Fue 4° 16— 
Three-8it Operation Codes  4°5 : | a 
TOP “OF “STACK 1-2 | 

TOP“OF“STACK“MINUS-ONE 1-2 

TOS”ssa1#2 | 


TOSML €e2 00 
Uninitialized 35 
575 


VALUE FORMATS 


—_ 
~ 


Word = 1°2 _ | _ 
WRITE INTEGER DEGITS CWID) 4°38 


